We compute the distribution of quasideuterons in doubly closed shell nuclei.
two-and three-nucleon potentials, respectively. The nuclear wave function contains central and tensor correlations, and correlated basis functions theory is used to evaluate the distribution of neutron-proton pairs, having the deuteron quantum numbers, as a function of their total momentum. By computing the number of deuteron-like pairs we are able to extract the Levinger's factor and compare to both the available experimental data and the predictions of the local density approximation, based on nuclear matter estimates.
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I. INTRODUCTION
Within the Levinger's quasideuteron (QD) model [1] [2] [3] the nuclear photoabsorption cross section σ A (E γ ), above the giant dipole resonance and below pion threshold, is assumed to be proportional to the break-up cross section of a deuteron in hadronic matter, σ QD (E γ ):
where E γ is the photon energy and P D is interpreted as the effective number of the nucleonnucleon (NN) pairs of the QD type (see [4] and references therein ). P D is written in the form
where A and Z are the mass and atomic numbers of the nucleus and L is the so called
Levinger's factor. P D can be calculated for a given nuclear ground state wave function, thus allowing for a microscopic interpretation of the phenomenological Levinger's factor.
The value of L has been extracted from experiments according to the following two models: i) the Levinger's model [5] , in which σ QD (E γ ) is taken as the deuteron cross section damped by an exponential function, taking care of Pauli blocking of the final states available to the nucleon ejected from the QD, and ii) the Laget's model [6] , which associates σ QD (E γ ) with the transition amplitudes of virtual (π + ρ)-meson exchanges between the two nucleons of the QD pair.
Both models provide satisfactory fits of photoreaction data in heavy nuclei, but yield different values of the Levinger's factor, L Lev (A) and L Laget (A), L Laget (A) being ∼ 20% larger than L Lev (A).
The effective number of deuteron-like pairs, as well as of three-and four-body structures, in spherical nuclei has been investigated within the shell model approach in Refs. [7, 8] . In a recent paper [9] (referred to as I hereafter) we have analyzed the properties of deuteron-like structures in infinite symmetric nuclear matter (NM), described by a hamiltonian containing the realistic Urbana v 14 NN potential and the Urbana TNI many-body potential [10] . A correlated wave function having spin-isospin dependent, central and tensor correlations has been used within the correlated basis functions (CBF) theory to compute the QD distribution function in matter and extract the NM Levinger's factor at equilibrium density, L N M = 11.63, to be compared to the empirical estimate, L expt (A = ∞) = 9.26.
CBF theory has established itself as one of the most effective tools to realistically study, from a microscopic viewpoint, properties of infinite matter of nucleons ranging from the equation of state [11, 12] to the momentum distribution [13] and the one-and two-body
Green's functions [14] [15] [16] [17] . In the last decade these studies have been successfully extended to deal with finite nuclei [18] [19] [20] [21] [22] .
In this paper we extend the CBF many body approach, used in I for NM, to evaluate ab initio the momentum distribution, P D (k D ), and the total number per particle, P D /A, of QD pairs in the doubly closed shell nuclei 16 O and 40 Ca, described in the ls coupling scheme.
From P D /A we then extract the corresponding Levinger's factors.
In Section II we review and generalize the CBF approach to the QD distribution in terms of the overlap between the nuclear and deuteron ground state wave functions. In Section III we compute the QD distribution and P D in nuclei described by a realistic hamiltonian including the modern Argonne v ′ 8 [23] and the Urbana IX [24] models of two-and three-nucleon potentials, respectively. The correlated nuclear wave function contains central and tensor correlations, as in Ref. [21] . The results are compared with the analogous NM quantities, obtained in I. We also evaluate the Levinger's factors, and compare them to the experimental values, as well as to those derived using the local density approximation (LDA) and the NM results of I. Summary and conclusions are given in Section. IV.
II. QUASIDEUTERON DISTRIBUTION
Following the approach developed in I, in a A-nucleon system the distribution of QD pairs whose center of mass is in the orbital state specified by the quantum number X can be written
where |A denotes the A-body ground state and J D = 1 is the spin of the deuteron. The operator a(a † ) α D (X) annihililates (creates) a deuteron with the quantum number X in the α = 1, 2, 3 cartesian state. By introducing a complete set of intermediate (A − 2)-particle states and exploiting the completeness relation n |n(A − 2) n(A − 2)| = 1, we can recast Eq.(3) in the form
In configuration space the above expression takes the form:
where R ≡ (r 3 , . . . , r A ), Ψ A is the normalized nuclear ground state wave function and Ψ α D is the deuteron wave function (DWF).
The DWF can be split into its center of mass and relative motion parts according to
where R ij = (r i + r j )/2, r ij = r i − r j , |00 is the spin-isospin singlet NN state and
u D (r) and w D (r) being the ℓ = 0 and ℓ = 2 components of the deuteron wave function, whose normalization is given by
In Eq.(7) σ α i are the spin Pauli matrices, while the tensor operator reads
Using the above definitions P D (X) can finally be rewritten as:
where ρ
D (r 1 , r 2 ; r 1 ′ , r 2 ′ ) is a generalized two-body density matrix defined by
where summation over the repeated indices is understood.
The sum over X yields the total number of QD pairs in the nucleus, P D , thus allowing for a direct estimate of the Levinger's factor, L, to be compared to the empirical values resulting from phenomenological analyses [25, 26] of photoreaction data [27, 28] .
A realistic A-body wave function, accounting for both short-and intermediate-range
correlations induced by the strong nuclear interaction, is given in CBF theory by
where R ≡ (r 1 , . . . , r A ), S is a symmetrization operator and Φ 0 is the Slater determinant of single particle orbitals φ α (i), which are eigenfunctions of a suitable single particle hamiltonian. For nuclear matter, the orbitals φ α (i) are plane waves corresponding to a noninteracting Fermi gas of nucleons with momenta
the NM spin-isospin degeneracy and density, respectively.
The two-body correlation operator, F (ij), is given by the sum of 6 central and noncentral spin-isospin dependent components,
where the f p (r) correlation functions are variationally fixed by minimizing the ground state energy [21, 29, 30] . All the correlation functions heal to zero, except f c (r → ∞) → 1.
The generalized two-body density matrix ρ (2)
D can be expanded in a series of terms involving an increasing number of nucleons by means of cluster expansion techniques [31] . In I the dressed leading order approximation (corresponding to the cluster diagram shown in Fig. 1 of I ) was used to evaluate the momentum distribution of QD pairs in nuclear matter.
The validity of this approximation has been satisfactorily checked in CBF calculations of the NM responses [32, 33] and Green's functions [14, 15] . In Ref. [22] the one-body density matrix of the N = Z doubly closed shell nuclei 16 O and 40 Ca has been computed using the correlation operator of Eq. (13), the realistic Argonne v D in I to these two nuclei.
In the dressed leading order approximation ρ
where ρ (1) (r 1 , r 1 ′ ) is the one-body density matrix [22] and
Π 00 and P σ P τ are the projector onto the (ST ) = (00) two-nucleon state and the spin-isospin exchange operator, respectively (see I for details).
By explicitly evaluating the trace in Eq. (15) in spin-isospin saturated systems, one gets Similarly to what is done to obtain the one-body momentum distribution in a nucleus, we consider the c.m. orbital to be a plane wave with momentum k D in a periodical box of volume Ω,
As a consequence, for the QD momentum distribution (MD) we get:
This expression reduces to Eq. (13) of I in nuclear matter. Note that, in principle, different basis functions for the c.m. orbitals, describing the spatial distribution of deuteron-like clusters inside the nucleus, can be used.
In order to evaluate P D (k D ) we define the function N(r 1 , r 1 ′ ) through the relation [22] 
where χ στ (1) is the spin-isospin single particle wave function. P D (k D ) can be written in terms of the Fourier transforms of N, U and W as
and U(k) and W (k) are given in I.
In spherically symmetric nuclei spin and isospin indices are saturated and N(k, k ′ ) can be expressed in terms of Fourier-like transforms of the natural orbits (NO), φ N O nl (k) [22] :
where P l (x) denotes the l-th Legendre polynomial and φ
j l (kr) being the spherical Bessel functions of order l.
The NO and their occupation numbers, n nl , are obtained by first expanding the one-body density matrix in multipoles,
and then diagonalizing ρ
The NO normalization is
In the independent particle model (IPM), Ψ A (R) ≡ Φ 0 (R), and n
nl ≡ φ nl for occupied states, whereas n IP M nl = 0 for unoccupied states. Deviations from IPM provide a measure of correlation effects, as they allow higher NO to become populated with n nl = 0. Using Eq. (22) we obtain:
with
where α = (nlm),
and
Y lm ( q) being the spherical harmonics.
III. RESULTS
Last generation NN potentials are able to fit deuteron properties and the Nijmegen 93 nucleon-nucleon scattering phase-shifts [36] up to the pion-production threshold (∼ 4000 data points) with a χ 2 ∼ 1. The Argonne v 18 , belonging to this generation, is given by the sum of 14 isoscalar and 4 isovector terms, including charge-symmetry and charge-invariance breaking components [23] . In this work we have used a simpler NN potential, referred to as For the single particle wave functions, φ α (i), entering the shell model wave function Φ 0 , we have solved the single particle Schrödinger equation with a Woods-Saxon potential,
In principle, the parameters of the correlation functions, f p (r), and of the Woods-Saxon The total number of pairs of the QD type in both finite nuclei and nuclear matter, P D is obtained by integration of
where the factor 3 in the r.h.s corresponds to the spin multiplicity of the deuteron, 2J D + 1.
We have repeated the calculations for nuclear matter by using the AU8 ′ interaction. Our results for the Levinger factors are summarized in Fig. 8 , where they are also compared with the available experimental estimates. The agreement with the photoreaction data of Ahrens et al. [28] for the case of 16 O and 40 Ca is rather impressive. The "experimental" value, L expt (∞) = 9.26, deduced from the phenomenological formula
reported in Ref. [25] , is ∼ 15% smaller than our theoretical value. In I, the surface contribution to L(A) has been estimated exploiting the calculated enhancement factor of the electric dipole sum rule for finite nuclei, K, [38] , obtained using CBF theory and LDA. The enhancement factor is related to experimental data on photoreactions through the equation:
where σ 0 = 60 [Z(A − Z)/A] MeV mb and m π is the π-meson production threshold. By using the same parameterization as in I for the surface term, we get: as extracted [25, 26] from the available experimental data on photoreactions. The computed Levinger's factors are almost A-independent for heavy nuclei (A > 100), and result to be ∼ 15% larger than L Lev (A) and ∼ 25% smaller than L Laget (A). Such disagreement between theory and experiment is likely to be ascribed to the sizable tail contributions to the electric dipole sum rule, absent in the definition of Eq. (35).
IV. CONCLUSION
The Correlated Basis Function theory of the two-body density matrix has been applied to microscopically compute the distribution of QD pairs carrying total momentum The L(A) resulting from the full calculation are relatively close to the corresponding values obtained within the IPM and Jastrow models. Actually, the high momentum tail of
gives a small contributions to the Levinger factor. This feature indicates that the approximation used in our calculation (which amounts to including only diagrams at the dressed lowest order of the FHNC cluster expansion) is fully adequate. However, it should be noticed that the Jastrow model underestimates the Levinger factor.
In addition, the analysis described in this paper shows that when a deuteron is embedded in a nucleus, or in nuclear matter at equilibrium density, its wave function gets appreciably modified by the surrounding medium. While in the case of the S-wave component the difference is mostly visible at small relative distance (r < 1 fm), the D-wave component of the QD appears to be significantly enhanced, with respect to the deuteron w D (r), over the range r < 2 fm. This effect is particularly evident in the lightest nucleus. 
